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ABSTRACT  
   
Education through field exploration is fundamental in geoscience. But not all students 
enjoy equal access to field-based learning because of time, cost, distance, ability, and safety 
constraints. At the same time, technological advances afford ever more immersive, rich, and 
student-centered virtual field experiences. Virtual field trips may be the only practical options for 
most students to explore pedagogically rich but inaccessible places. A mixed-methods research 
project was conducted on an introductory and an advanced geology class to explore the 
implications of learning outcomes of in-person and virtual field-based instruction at Grand Canyon 
National Park. The study incorporated the Great Unconformity in the Grand Canyon, a 1.2 billion 
year break in the rock record; the Trail of Time, an interpretive walking timeline; and two 
immersive, interactive virtual field trips (iVFTs). The in-person field trip (ipFT) groups collectively 
explored the canyon and took an instructor-guided inquiry hike along the interpretive Trail of Time 
from rim level, while iVFT students individually explored the canyon and took a guided-inquiry 
virtual tour of Grand Canyon geology from river level. High-resolution 360° spherical images 
anchor the iVFTs and serve as a framework for programmed overlays that enable interactivity 
and allow the iVFT to provide feedback in response to student actions. Students in both 
modalities received pre- and post-trip Positive and Negative Affect Schedules (PANAS). The iVFT 
students recorded pre- to post-trip increases in positive affect (PA) scores and decreases in 
negative (NA) affect scores, representing an affective state conducive to learning. Pre- to post-trip 
mean scores on concept sketches used to assess visualization and geological knowledge 
increased for both classes and modalities. However, the iVFT pre- to post-trip increases were 
three times greater (statistically significant) than the ipFT gains. Both iVFT and ipFT students 
scored 92-98% on guided-inquiry worksheets completed during the trips, signifying both met 
learning outcomes. Virtual field trips do not trump traditional in-person field work, but they can 
meet and/or exceed similar learning objectives and may replace an inaccessible or impractical in-
person field trip. 
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CHAPTER 1 
INTRODUCTION 
 
Field work is deemed essential and beneficial 
Learning in the field is a long held, bedrock principle of geoscience education (De Paor 
and Whitmeyer, 2009) and is viewed as an effective way to learn geology (Butler, 2008). Field 
work is considered a foundational method of obtaining and interrogating scientific knowledge of 
Earth systems (Compton, 1962), and its perceived importance among geologists cannot be 
overstated (Petcovic et al., 2014) while the associated learning outcomes are highly valued by 
faculty (Baker, 2006). Spanning almost a full century, the five quotes below from geology 
professors display unwavering support for this core concept and the idea that field work maintains 
a required status in undergraduate geoscience curricula (Baker, 2006). 
“It is quite possible to acquire a considerable knowledge of Geology by the mere 
intelligent perusal of text-books. Without having engaged in practical work, one may even 
learn to read a geological map, and come to understand in a general way the structure of 
the region it portrays. Knowledge obtained in this fashion, however, is necessarily 
superficial, and can never supply the place of personal observation or study in the field.” 
(James Geikie, 1912) 
 
“The best geologist is the one who has seen the most rocks.” (H.H. Read, 1939 address, 
published in 1957) 
 
“The reading of books and the study of specimens will never make the geologist: the 
geologist is made in the field, not in the laboratory.” (Himus and Sweeting, 1955) 
 
“Field Geology is learned in the field; therefore one must go there as soon and as 
frequently as possible.” (S.W. Muller in the Journal of Geological Education, 1983, v. 31)  
 
“… appropriate fieldwork (is) a fundamental part of earth science education. All earth 
scientists, whether or not their employment subsequently requires fieldwork, must 
understand the methods of acquisition and the limitations of field data.” (Paul Ryan, chair 
of the Earth Science Subject Area Group, 2007) 
 
 
Field trip benefits 
Noting a “surprising paucity of scholarly articles”, researchers set out to go beyond 
“practitioner’s wisdom” and discovered that field work results in cognitive gains for students and 
produces affective responses that assist and enhance student learning (Mogk and Goodwin, 
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2012). Defined as any study of the environment that takes place outside the classroom (Scott et 
al., 2006) field work can range in scale from local experiences of a few hours to global 
expeditions lasting many months. Compared to students with no field-work experiences in their 
introductory geoscience classes, those who complete field-based courses show enhanced 
understanding and statistically significant increases in geoscience concept knowledge (Fuller, 
2006; Elkins and Elkins, 2007). Kern and Carpenter (1986) compared classes with and without 
on-site field work and concluded that the field-oriented class demonstrated enhanced higher-
order learning attributed to the positive effect of field work on the student’s affective responses 
toward the learning environment. Shown to have significant influence on geoscience students, 
affect encompasses feelings, attitudes, emotions, and values that can positively or negatively 
contribute to learning (Boyle et al., 2007; McConnell and van Der Hoeven Kraft, 2011). Social 
interactions during field work can reduce social barriers, create lifelong friendships, help students 
develop interpersonal skills, create a sense of community, teach teamwork, and create a sense of 
community (Baker, 2006; Boyle et al., 2007; Elkins and Elkins, 2007; Pyle, 2009; Stokes and 
Boyle, 2009; Mogk and Goodwin, 2012). Further, field work is valued by academia and industry 
as a conduit for students to develop the skills necessary for professional practice in real-world 
environments (Baker, 2006; Butler, 2006; Fuller, 2006; Boyle et al., 2007; Pyle, 2009; Stokes and 
Boyle, 2009; Petcovic et al., 2014). 
 
Field trip challenges 
Despite the successful outcomes, field trips have limited accessibility and present 
challenges to those who can participate. A comprehensive survey of geoscience faculty revealed 
that most general-education students in introductory classes do not accrue any field experience 
(MacDonald et al., 2005) because these classes have no field component (Libarkin and 
Anderson, 2005). In both 1985 and 1995, approximately 35% of schools listed in the Directory of 
Geoscience Departments (DGD) offered summer field camps, and by 2006 the number dropped 
to less than 15% resulting in a 60% reduction in the total number of summer field camps offered 
(Baker, 2006). Factors involved in the reduction of field trip offerings include the cost of liability 
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insurance and the increased budgets necessary to support student, staff, and faculty salaries 
(Baker, 2006; Boyle et al., 2007; Selby and Davis, 2014). Field trips are also avoided due to 
logistics, variability in instructor experience and knowledge, and safety concerns (Garner and 
Gallo, 2005; Baker, 2006; Boyle et al., 2007; Selby and Davis, 2014: Lei, 2015). The physical 
rigor of most field experiences significantly limits access to students with mobility and sensory 
disabilities (Atchison and Feig, 2011; Atchison and Libarkin, 2013; Gilley et al., 2015). Financial 
challenges are not limited to institutions. Many colleges and universities require additional course 
fees for field trips; summer camps typically cost over $2000 not including costs associated with 
travel and required field equipment (Baker, 2006; Selby and Davis, 2014). The need to charge 
students raises questions of equity and fairness (Kent et al., 1997; Boyle et al., 2007). Students 
working in the field, especially novices, may also have to deal with a unique set of challenges 
referred to as novelty space, which encompass cognitive, psychological, and geographic 
variables that can negatively affect learning (Orion and Hofstein, 1994). The cognitive variable 
presents challenges of previous knowledge, concepts, and skills required during the field trip; the 
psychological variable presents challenges associated with attitude, stress, fear, fatigue, hunger, 
and thirst; the geographic variable presents challenges such as unfamiliarity of the field area, trail 
conditions, inclement weather, and rest room availability (Orion and Hofstein, 1994; Elkins and 
Elkins, 2007). 
 
What is a virtual field trip 
Virtual field trips (VFTs) have long been proffered as a possible solution to the challenges 
associated with in-person geoscience field trips (Steuer, 1992). According to Nix (1999), a VFT is 
an inter-related collection of images, text and other media delivered via the World Wide Web in a 
format that can be professionally presented to relate the essence of a visit to a time or place. A 
high quality VFT is a multimedia production that contains text, audio, graphics, still images, and 
moving pictures (Cassidy and Mullen, 2006). Carmichael and Tscholl (2011) suggest that VFTs 
capture the real-world environment of a location or region by employing data, photographs, 
cartography, and GIS, without the cost of physically being there. Although highly interactive with 
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detailed imagery viewed on a two-dimensional computer screen, most VFTs are not yet truly 
virtual because they do not allow students to physically walk within or manipulate elements of a 
three-dimensional environment (Cliffe, 2017). A VFT gives the student autonomy and allows 
interaction with the virtual environment through participation, exploration, analysis, learning, and 
testing of skills (Stainfield et al., 2000). 
 
Virtual field trip benefits 
The implementation and adoption of VFTs, which have become very popular during the 
last decade (Lei, 2015), is due to the positive aspects of the experiences, advances in 
technology, and the challenges associated with planning in-person field trips (Fletcher et al., 
2007). VFTs are inclusive and increase access by mitigating physical (Atchison and Feig, 2011; 
Atchison and Libarkin, 2013; Gilley et al., 2015) and financial barriers (Kent et al., 1997; Baker, 
2006; Boyle et al., 2007; Selby and Davis, 2014). By allowing spatial and temporal freedom, VFTs 
allow students to travel the world and beyond without leaving home or campus (Cassady et al., 
2008; Lei, 2015). Digital experiences transport learners to remote, dangerous, and fragile places 
while avoiding environmental site degradation and reducing carbon footprints (Qui and Hubble, 
2002; Whitelock and Jelfs, 2005; Robinson, 2009; Selby and Davis, 2014). Using VFTs as a pre-
learning tool allows students to maximize their time in the field and can greatly reduce novelty 
space (Francis and Kennedy, n.d.; Orion and Hofstein, 1994; Stainfield et al., 2000; Arrowsmith et 
al., 2005; Cliffe, 2017). By providing control and feedback, VFTs enable students to feel as if they 
are “there,” and impact understanding and cognitive change (Whitelock and Jelfs, 2005). Nix 
(1999) states that virtual experiences enable practice of the principles of student-centered inquiry 
and constructivism. Learners appreciate the interactive nature of multimedia experiences 
(Robinson, 2009) and Generation Y (aka Millennial) students (birth years 1982-2001) are digital 
natives who respond positively to technology-based education (Pringle, 2013). As delivery and 
presentation methods continue to improve, VFTs are expected to provide teachers and students 
with greater means of developing their scientific skills such as observation, inference, prediction, 
understanding, and problem solving (Nix, 1999).  
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Virtual field trip challenges 
In spite of the numerous benefits of using VFTs, Lei (2015) states that there are 
drawbacks that should be considered and carefully evaluated. Most of the VFTs discussed in the 
literature are completed individually and therefore lack the beneficial social interactions and the 
ability to bond together a student cohort (Fuller, 2006). Since these experiences reside on the 
web, there are associated access, storage, equipment, and development costs for students and 
institutions (Woerner, 1999). The preparation of a VFT is time- and resource-intensive and 
requires participation from teachers, instructional designers, media producers, and software 
developers (Hurst, 1998; Stainfield et al., 2000; Tuthill and Klemm, 2002). If students work from 
home or in unsupervised computer labs on campus, then the instructor cannot control the 
learning environment (Tuthill and Klemm, 2002; Lei, 2015). By not emulating tactile and olfactory 
phenomena (Stumpf et al., 2008), VFTs do not yet provide the same complete sensory 
stimulation as do in-person field trips (Nix, 1999; Stainfield et al., 2000) and are inherently an 
experience once-removed (Robinson, 2009). Virtual experiences do not allow students to interact 
in a flexible manner or promote the same level of problem-solving skills that can occur in the 
actual field environment (Qui and Hubble, 2002). 
 
State of virtual field trips 
Although VFTs produce gains in interest and motivation for students (Bell et al., 2009: 
Johnson and Johnston, 2013; Lei, 2015) as well as more engaged learning (Cassady and Mullen, 
2006) through active instead of passive participation (Cliffe, 2017), the literature does not show 
consistently better learning outcomes and therefore there is no support for the idea that virtual 
field trips in their current form should replace in-person experiences. Rather, there is significant 
support for the idea that VFTs should not replace real-world experiences (Stainfield et al., 2000; 
Tuthill and Klemm, 2002; Arrowsmith et al., 2005; Cassady and Mullen, 2006; Selby and Davis, 
2014; Lei, 2015; Cliffe, 2017). At best, VFTs have been shown to be on par with in-person trips. 
Using Serious Virtual Worlds (a virtual learning and gaming environment) and VFTs, researchers 
determined that there was no distinguishable difference between pre-test and post-test scores 
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and learning outcomes studied in virtual and in-person participants (Stumpf et al., 2008; Wrzesien 
and Raya, 2010). A recent study using an augmented reality Grand Canyon VFT showed that 
technology did not decrease or detract from student learning (Bursztyn et al., 2017).  
 
Next-generation virtual field trips 
The virtual field trip used in this study was developed by the Center for Exploration 
Through Education (ETX) at Arizona State University and is referred to as an interactive, 
immersive virtual field trip (iVFT). The iVFT differs significantly from virtual field trips described 
previously in the literature. Representing the next generation of digital field experiences, the iVFT 
is novel in that it marries multimedia elements found in traditional VFTs with an intelligent tutoring 
system (ITS). High-resolution and visually stunning multimedia components delivered to two-
dimensional screens via the Internet reside within a software platform that allows students to ask 
and answer questions while providing them with embedded assessments and real-time feedback 
with intelligent tutoring. This combination of VFT and ITS has not yet been explored in the 
geoscience-education research community as a learning modality that can produce desired 
learning outcomes. 
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CHAPTER 2 
OBJECTIVES AND BACKGROUND 
 
Project Context 
As discussed above, education through exploration in the field is a fundamental requisite 
in geoscience, but constraints on accessibility and improvements in technology together position 
VFTs as the only practical options for many if not most geoscience students to explore 
pedagogically rich but inaccessible places located across and even beyond Earth. The mixed-
methods research project described in this thesis was designed to explore the implications of 
learning outcomes of in-person (ipFT) and virtual (iVFT) geoscience field trips at Grand Canyon 
National Park. Key instructional resources used in this project included the Trail of Time 
Exhibition, an interpretive timeline trail along the South Rim of Grand Canyon (Karlstrom et al., 
2008)that was used in the ipFT, and a Grand Canyon iVFT developed by ETX. A content element 
common to both the Trail of Time and the iVFT was observation and interpretation of the Great 
Unconformity, a nonconformity at Grand Canyon that represents as much as a 1.2-billion-year 
gap in the rock record. 
 
Research Questions 
To address the need for better evaluation of the specific and comparative advantages of 
VFTs and ipFTs given that both are now used, the following questions were explored: 
Research Question 1: How do specified learning outcomes compare between 
virtual and in-person field trip participants? 
 
Research Question 2: What factors influence attitudes, behaviors and learning 
within the two study groups? 
 
Research Question 3: What implications do these findings have for the future 
design of virtual and in-person geological field trips? 
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The Great Unconformity 
 The term “Great Unconformity” has been used to 
describe the unconformity documented by James Hutton in 
1787 at Siccar Point in Scotland as well as the unconformity 
documented by John Wesley Powell in 1869 in the Grand 
Canyon (Powell, 1895/1987) and named by Clarence Dutton 
(Dutton, 1882/2001). The Great Unconformity in the Grand 
Canyon is a nonconformity in which Neoproterozoic and 
Paleozoic sedimentary rocks directly overlie rock units that 
differ significantly in age, origin, and structure. The contacts 
in both instances represent intervals of geologic time long 
enough to build and then erode great mountain ranges. This 
research study utilizes the Great Unconformity in the Grand 
Canyon. 
The types of strata and lengths of time represented by the Great Unconformity vary 
throughout the Grand Canyon. It represents a period of about 175 million years where the 
Paleozoic Tonto Group overlays the Mesoproterozoic-Neoproterozoic Grand Canyon 
Supergroup, and about 725 million years where the Supergroup overlays the Vishnu Basement 
rocks (Karlstrom and Timmons, 2012). In the portion of the Great Unconformity visible from the 
South Rim on the Trail of Time, 525-million-year-old Tapeats Sandstone overlies 1.75-billion-
year-old Paleoproterozoic Vishnu basement rocks (Timmons et al., 1998), In the portion of the 
Great Unconformity featured in the Blacktail Canyon virtual field exercise, the underlying 
basement rocks are actually 1.84-billion-year old Elves Chasm Gneiss, but this distinction is not 
noted in the iVFT. At both localities the “missing time” represents almost one quarter of the 
Earth’s history (Karlstrom and Timmons, 2012). 
The Great Unconformity is well exposed within the Grand Canyon and is visible from 
many points on the Trail of Time. The ETX iVFT presented the Great Unconformity by means of a 
Figure 1: Grand Canyon Strata. The 
Great Unconformity as studied in this 
research project represents 
approximately 1.2 billion years of 
missing time. Illustration courtesy of 
the National Park Service. 
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multimedia exercise filmed at river level in Blacktail Canyon, where the nonconformity is 
particularly well exposed. 
 
 
 
Figure 2: The Great Unconformity. The Great Unconformity as seen from the Grand Canyon's south rim. The 
yellow line represents the contact where 1.75 Ga basement rocks are overlain by 0.5 Ga sandstones. Photo by 
Thomas J. Ruberto. 
 
 
Trail of Time 
The Trail of Time is a 4.56-kilometer-long interpretive walking timeline trail running along 
the South Rim and has been identified as the world's largest permanent geoscience interpretive 
exhibition (Karlstrom et al., 2008). The Trail of Time uses Grand Canyon vistas and rock 
exposures to help visitors to the National Park explore and understand the magnitude of geologic 
time, as well as the geologic histories encoded by nearly two billion years of Grand Canyon rock 
layers and landscapes, by targeting multiple cognitive and affective levels (Karlstrom et al., 2008). 
Every meter walked along the main segment of the Trail of Time represents one million years of 
Grand Canyon’s geologic history (Karlstrom et al., 2008). Unnumbered bronze markers at one-
meter intervals are used to signify the individual 1-million-year steps, and every tenth marker is a 
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circular medallion labeled in the corresponding multiple of ten million years, from 0 to 4560 Ma. 
Important points along the timeline corresponding to major geologic or cultural events significant 
in the history of Grand Canyon are marked with interpretive wayside panels and permanently 
mounted rock specimens. Viewing tubes placed along the Rim link times on the trail to features 
and rocks down in the canyon. The Trail of Time begins with a segment over which the time scale 
increases logarithmically, from 1 meter per year to 1 meter per million years, in order to help 
visitors adjust their temporal perspective from human time scales to geological time scales 
(Karlstrom et al., 2008; Semken et al., 2009). 
Portal signs welcome visitors to the interpretive 
trail at each end and at several access points between 
the ends. The signs are nested in stratigraphic columns 
faced by pieces of the same rock units found in Grand 
Canyon.   
Providing context for the quantitative 
progression of time, wayside panels tied to the timeline 
explain key events that lead to the formation of Grand 
Canyon’s rocks and the landscapes and formations we 
see today. These interpretive panels cover major 
geologic events in Grand Canyon history such as 
canyon carving, formation of the Kaibab Limestone that 
caps the South Rim, the Cambrian explosion of life 
captured in the Tonto Group rocks, and the origin of the 
Great Unconformity (a significant feature central to this 
research project). 
 
Figure 3: Trail of Time Portal Sign. Signs 
welcoming visitors to the trail are held by a 
stratigraphic column of faced pieces of 
actual Grand Canyon rock units. Photo by 
Thomas J. Ruberto. 
  11 
 
 
Figure 4: Example of a Trail of Time wayside panel. Wayside panels help visitors navigate the trail and point out 
important geologic features and events. Image provided by the Trail of Time Project team. 
 
Interactive, immersive, Virtual Field Trips 
The iVFT used in this study, developed by ETX, takes visually stunning and scientifically 
significant locations within the Grand Canyon and reproduces them to serve as active, student-
centered learning experiences. Learning objectives are carefully considered as part of the iVFT 
design phase to engage and support students while ensuring an active learning experience more 
inclined to produce meaningful learning gains (Chi and Wylie, 2014).  
According to ETX design principles, students are given opportunities to ask and answer 
questions, apply existing knowledge, and make connections by using exploration-focused 
learning with embedded assessments and real-time feedback. Participants can test their 
understanding of skills and concepts as they explore and receive tutoring as needed. The goal of 
the ETX design principles is to create a virtuous cycle in which curiosity leads to exploration, 
which leads to discovery, and ultimately further curiosity (Anbar et al., 2017; Horodyskyj et al., 
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2018). The iVFTs are built using the Smart Sparrow platform (Ben-Naim, 2001), an exemplar of 
intelligent, adaptive systems that have been shown to be effective (Kulik and Fletcher, 2016). 
The iVFT employs a combination of hardware and software tools to bring physical field 
locations into a virtual environment. High-resolution 360° spherical images anchor the iVFT and 
serve as a framework for all other media and interactive elements. Programmed overlays enable 
interactivity and allow the iVFT to provide feedback in response to student actions. Elements of 
the iVFT include gigapixel images, HD and 360° video, rotatable 3D objects, cartography, 
supplemental imagery, and text boxes. The iVFT uses HTML5 and is accessible via the web 
across multiple devices and operating systems. 
 
 
 
 
Figure 5: Grand Canyon iVFT Screenshot. High-resolution spherical images contain programmed overlays that 
allow students to explore the virtual field trip and access media elements. 
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CHAPTER 3 
METHODS 
 
Introduction and Participants 
To investigate the research questions posed in the previous section, a mixed-methods 
study was conducted in an introductory undergraduate historical-geology course (GLG 102; n = 
120) populated mostly by non-majors, and an advanced undergraduate regional-geology course 
(GLG 301; n = 48) that serves mostly geoscience majors. The enrollments in both courses 
typically represent the diversity of our large urban Southwestern research university. An ipFT to 
the Trail of Time at Grand Canyon National Park was part of the syllabus in both courses. 
However, students were given the option to choose either the ipFT (the control group) or an 
online Grand Canyon iVFT (experimental group) to be done in the same time interval, for 
equivalent course credit. We collected quantitative and qualitative data from both groups before, 
during, and after both interventions. Learning outcomes for each group were identically drawn 
from elements of the Trail of Time at Grand Canyon and were assessed using pre/post concept 
sketching and inquiry exercises. Student attitudes and novelty-space factors were assessed pre- 
and post-intervention using the Positive and Negative Affect Schedule (PANAS) instrument of 
Watson et al. (1988) and with questionnaires for each modality. 
The study was conducted in two parts. Members of the introductory GLG 102 class 
experienced the ipFT or iVFT during the spring semester of 2016 while members of the advanced 
geology class (GLG 301) experienced the ipFT or iVFT during the fall semester of 2016. The 
same procedures (surveys, questionnaires, sketching exercise, itineraries and field trips) were 
followed for the lower and upper division courses with one exception. Bus transportation for in-
person field trip participants from metro Phoenix to the Grand Canyon was included in the class 
fee for GLG 102 students whereas GLG 301 students were required to arrange their own 
transportation from metro Phoenix to the Grand Canyon. 
Students in both courses were asked to participate in the research at the beginning of the 
semester, and those who agreed signed an informed-consent form (see Appendix A) authorizing 
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the use of their data subject to normal human-subjects protections. The study protocol was 
approved by the ASU Institutional Review Board and designated as exempt research. 
 
Instruments 
Data were collected in-person and online to better understand the cognitive and affective 
factors associated with in-person and virtual field trips. Cognitive factors encompass information 
processing and the construction of meaning, while affective factors encompass emotions, 
feelings, and values (Boyle et al., 2007). Concept sketches, guided inquiry worksheets, and 
questionnaires provided cognitive measurements, while questionnaires and surveys provided 
affective measurements.  
 
Concept Sketches 
The structure and origin of the Great Unconformity in Grand Canyon are content 
elements common to both modalities. Both the ipFT and iVFT participants were instructed to 
create concept sketches of the Great Unconformity from memory, before and after each trip. A 
concept sketch illustrates the main aspects of a concept or system annotated with concise labels 
that (1) identify the features, (2) depict the processes that are occurring, and (3) characterize the 
relationships between features and processes (Johnson and Reynolds, 2005). The pre-trip 
concept sketch was made and submitted by all students during the last class before the field trip. 
The post-trip concept sketch (Appendix B) was submitted by the students in both the 
experimental and control groups during the first class after the trip. The in-person field trip took 
place on a Saturday and the virtual participants were required to complete the online iVFT over 
the same weekend. All sketches were scanned and graded using a 17-point rubric designed to 
accurately measure geologic visualization and interpretation of the Great Unconformity. The 
rubric (see Appendix C) went through several iterations and achieved an interrater reliability (IRR) 
score of 99%. Pre- and post-trip concept sketches of the Great Unconformity were scored with no 
knowledge of chosen modality. 
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Guided Inquiry Exercises  
The ipFT (control group) and iVFT (experimental group) participants were administered 
guided-inquiry exercises drawn from elements of the Trail of Time at Grand Canyon at the start of 
the experience. Both groups completed their exercises on paper. The control group completed 
their exercise (Appendix D) during the two hours spent walking the Trail of Time and submitted 
the completed exercise either at the end of the walk (GLG 301) or on the bus ride back to ASU 
(GLG 102). The experimental group was directed to print out a worksheet (Appendix E) and to 
complete the exercise while carrying out the first half of the iVFT: a virtual geological exploration 
of Grand Canyon intended to provide a synthesis of Canyon geology similar to what the control-
group students experienced during their walk on the Trail of Time. This group submitted their 
worksheets in the first class after the iVFT. All worksheets for both modalities were graded by the 
course instructor. 
 
Surveys 
 
Pre- and post-trip surveys and questionnaires were administered to investigate cognitive 
and affective factors. The control-group pre-trip survey and questionnaire were administered prior 
to the start of the Trail of Time walk and the post-trip survey and questionnaire were administered 
immediately following the end of the walk. The virtual pre-trip survey and questionnaire was 
administered immediately before starting the digital experience and the post-trip survey and 
questionnaire was administered immediately after completion of the iVFT.  
Cognitive activities are directly linked to learning and involve information processing and 
meaning construction while affective processes such as attitudes, values, beliefs, opinions, 
interests, and motivation determine a student’s approach to learning and contributes positively or 
negatively to learning outcomes (Boyle et al., 2007). Learning in the field leads to affective 
responses of students toward the learning situation that positively effects student outcomes (Kern 
and Carpenter, 1986; McConnell and van Der Hoeven Kraft, 2011; Mogk and Goodwin, 2012). 
The relationship between cognition and affect is further realized in the concept of novelty space 
(Orion and Hofstein, 1994). Given the known relationship between cognition and affect in field-
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based instruction, a modified PANAS instrument (Table 1 and Appendices F and G) was 
administered to students in both the control and experimental groups before and after the field 
experience to assess attitudes and cognitive-load factors for each group. 
 1 
Very slightly 
or not at all 
2 
A little 
3 
Moderately 
4 
Quite a bit 
5 
Extremely 
Interested 1 2 3 4 5 
Distracted 1 2 3 4 5 
Excited 1 2 3 4 5 
Bored 1 2 3 4 5 
Enthusiastic 1 2 3 4 5 
Confused 1 2 3 4 5 
Inspired 1 2 3 4 5 
Passive 1 2 3 4 5 
Attentive 1 2 3 4 5 
Overwhelmed 1 2 3 4 5 
Active 1 2 3 4 5 
Unfocused 1 2 3 4 5 
Curious 1 2 3 4 5 
Uncomfortable 1 2 3 4 5 
 
 
The original PANAS instrument of Watson et al. (1988) contains ten positive and ten 
negative categories. The modified survey administered to students eliminated three choices from 
each category that did not pertain to the field environment. The modified instrument contains the 
positive categories interested, excited, enthusiastic, inspired, attentive, active, and curious; and 
the negative categories distracted, bored, confused, passive, overwhelmed, unfocused, and 
uncomfortable. Each category is presented in a Likert scale from 1 to 5 as illustrated in Table 1. 
Mean scores were calculated for each modality and class section to determine PA (positive 
affect) and NA (negative affect) score. Regression analysis was used to determine if scores 
significantly differed between groups. 
 
Table 1: Modified PANAS Instrument. Attitudes and cognitive load factors for both groups were assessed 
pre/post using a modified PANAS instrument (Watson et al., 1988) with affective surveys.  
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As Watson et al. (1988) note, 
Positive Affect (PA) reflects the extent to which a person feels enthusiastic, active, and 
alert. High PA is a state of high energy, full concentration, and pleasurable engagement, 
whereas low PA is characterized by sadness and lethargy. In contrast, Negative Affect 
(NA) is a general dimension of subjective distress and unpleasurable engagement that 
subsumes a variety of aversive mood states, including anger, contempt, disgust, guilt, 
fear, and nervousness, with low NA being a state of calmness and serenity. 
 
The combination of high PA scores and low NA scores represents an affective state that has the 
greatest positive effect on learning outcomes (Kern and Carpenter, 1986; Watson et al., 1988; 
Orion and Hofstein, 1994; McConnell and van Der Hoeven Kraft, 2011; Mogk and Goodwin, 
2012). The original study surveyed 660 American undergraduates and found an average positive 
affect (PA) of 2.97, and an average negative affect (NA) of 1.48 (Watson et al., 1988) in this group. 
 
Questionnaires 
Brief questionnaires were administered to students in both the control and experimental 
groups to characterize their responses to the field experience and to triangulate the quantitative 
PANAS data. The questionnaires differed slightly for the control and experimental groups, as 
indicated by the list of questions presented immediately below. 
Pre-trip (all students): 
 
What are at least two things you know about the geology of the Grand Canyon? Feel free 
to list more than two. 
 
What are at least two things you would like to know about the geology of the Grand 
Canyon? Feel free to list more than two. 
 
Post-trip (iVFT students only): 
 
Having completed this immersive Virtual Field Trip, are you more or less interested in 
visiting Grand Canyon in person? Please briefly explain your answer. 
 
Post-trip (all students): 
 
Please list and describe any factors that made it difficult for you to learn Grand Canyon 
Geology today. 
 
Please list and describe any factors that helped you learn Grand Canyon Geology today. 
 
What are the two most important things you learned about the geology of the Grand 
Canyon? 
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What are at least two things you would like to know more about after virtually/physically 
visiting the Grand Canyon today? Feel free to list more than two. 
 
Can you articulate any misconceptions you had, either about the geology of the Grand 
Canyon, or geology in general, that were cleared up after this visit or virtual field trip? 
 
Student responses to the open-ended questions were reviewed using inductive coding 
(Creswell, 1994). No specific hypothesis was formulated because these questions were unique to 
this research. Themes emerged from the data. Individual student responses were analyzed using 
constant comparison methods (Glesne and Peshkin, 1992). Quotes were assigned to themes that 
emerged from the data, and student responses often contained multiple quotes assignable to 
more than one theme.  
 
Field Trip Overview 
The ipFT groups collectively viewed the Grand 
Canyon from rim level and then took an instructor-guided 
inquiry hike along the interpretive Trail of Time atop the 
South Rim, while iVFT students individually explored the 
canyon from river level and then took a guided-inquiry 
virtual tour of Grand Canyon geology from river level. 
Whenever possible, content presented to the in-person 
participants was similarly presented to the virtual 
participants. While enroute on the hike, ipFT students 
completed a guided-inquiry worksheet introducing 
learning elements contained within the Trail of Time exhibit (Karlstrom et al., 2008; Semken et al., 
2009). The purpose of this worksheet was as much to maintain student attentiveness over the 2-
km hike (Figure 7) as it was to assess student interaction with the Trail of Time and Grand 
Canyon (Semken, S., personal communication). To mimic this instructional experience as closely 
as possible in the virtual environment, the iVFT students completed a similar guided-inquiry 
worksheet while taking a virtual tour of localities at river level that encompassed the same 
Figure 6: Grand Canyon Rocks. ipFT 
students interact with rock specimens 
mounted trailside while iVFT students 
interacted with high resolution photos of 
rocks and layers within the iVFT. Photo by 
Thomas J. Ruberto. 
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geologic history of Grand Canyon presented by the Trail of Time (Karlstrom et al., 2008; Semken 
et al., 2009) . The ipFT students interacted with trailside mounted specimens of every named rock 
layer that occurs in the Grand Canyon at the point in the timeline corresponding to its age 
(Karlstrom et al., 2008), while the iVFT students interacted with high-resolution photos of rocks 
and layers within the digital experience. 
Exploration and interpretation of the Great Unconformity was highlighted in each trip. The 
control (ipFT) group studied the Great Unconformity from above, at rim level (Figure 8), via 
viewing tubes, two descriptive wayside panels (Figures 9 and 10), and a brief group discussion of 
the Great Unconformity led by the instructor. Using the Blacktail Canyon virtual field trip, the 
experimental (iVFT) group interacted with the Great Unconformity via a guided-inquiry multimedia 
exercise filmed at river level and narrated by the instructor as well as two other professors 
(Figures 11-14). 
 
 
Figure 7: Trail of Time Field Trip. ipFT students prepare to embark on a guided inquiry of the Grand Canyon with 
their professor. Photo by Thomas J. Ruberto. 
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Figure 8: Rim View. ipFT students view the Layered Paleozoic, Grand Canyon Supergroup, and Vishnu Basement 
rocks from a distant, rim level perspective along the Trail of Time. Photo by Thomas J. Ruberto. 
 
 
 
Figure 9: Viewing the Great Unconformity. ipFT students studied the Great Unconformity via two wayside panels, 
viewing tubes (rim level perspective), and an on-site lecture. Photos by Thomas J. Ruberto. 
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Figure 10: Great Unconformity Wayside Panel. ipFT students examined this wayside panel explaining the Great 
Unconformity as well as a second illustration next to the viewing tubes in Figure 9. Image provided by the Trail of 
Time Project team. 
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Figure 11: iVFT Student. An iVFT student works views the Blacktail Canyon virtual field trip through an up close, 
river level perspective. Photo by Thomas J. Ruberto. 
 
 
 
 
Figure 12: iVFT Rock Screenshot. Overlays allow virtual field trip students to interact with the Great 
Unconformity in Blacktail Canyon using high resolution photos of rocks at an up close, river level perspective. 
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Figure 13: iVFT Video Lecture Screenshot. iVFT students watch an embedded video explaining details about the 
Great Unconformity at an up close, river level perspective. The video can be viewed in a small screen within the 
virtual field trip or full screen for convenience. 
 
 
 
 
Figure 14: iVFT Layers Screenshot. Interactive features within the Smart Sparrow platform allow for overlays and 
annotations not possible in the field. 
 
Designed to last approximately two hours, each field-trip modality effectively introduced 
students to learning elements drawn from the Trail of Time exhibit. The ipFT exposed participants 
to the Great Unconformity via multiple wayside panels, viewing tubes, and an on-site lecture at 
rim level. The iVFT exposed participants to the Great Unconformity through text, high-resolution 
photos, exercises, and video lectures at river level. 
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ipFT Itinerary 
The in-person field trip experience followed this timeline: 
• Concept sketches introduced in class at the beginning of the semester 
• The Great Unconformity introduced in class approximately two months prior to field trip 
• Pre-Trip Concept Sketch assigned and submitted in last class meeting before field trip 
• Pre-Trip PANAS Survey and Questionnaire administered on morning of field trip 
• Exploration of Grand Canyon & Trail of Time Guided Field Trip with Professor at rim level 
• Guided Inquiry Exercise administered during field trip & collected after field trip 
• Post-Trip PANAS Survey & Questionnaire administered after field trip 
• Post-Trip Concept Sketch assigned and submitted first class meeting after field trip 
 
iVFT Itinerary 
The virtual field trip experience followed this itinerary: 
• Concept sketches introduced in class at the beginning of the semester 
• The Great Unconformity introduced in class approximately two months prior to field trip 
• Pre-Trip Concept Sketch assigned and submitted last class meeting before field trip 
• Pre-Trip PANAS Survey and Questionnaire administered at start of virtual field trip 
• Virtual exploration of Grand Canyon geology from river level and guided inquiry exercise 
worksheet submitted after completion 
• Virtual exploration of Blacktail Canyon and the Great Unconformity at river level  
• Post-Trip PANAS Survey & Questionnaire administered immediately after Blacktail 
Canyon virtual field trip and submitted after field trip 
• Post-Trip Concept Sketch assigned and submitted first class after field trip 
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CHAPTER 4 
RESULTS 
 
Collected Data 
To investigate the three research questions posed earlier, the mixed-methods research 
project utilized the following data from the ipFT and iVFT student groups: 
• Pre-Trip PANAS responses 
• Pre-Trip Great Unconformity Concept Sketch 
• Pre-Trip Questionnaire (2 free response questions) 
• Guided Inquiry Exercises 
• Post-Trip PANAS responses 
• Post-Trip Questionnaire (5-6 free response questions) 
• Post-Trip Great Unconformity Concept Sketch 
PANAS Results 
Mean scores of combined positive and negative categories were calculated yielding pre- 
and post-trip PA (positive affect) and NA (negative affect) Likert-scale responses for each course  
(GLG 102 or 301) and modality (ipFT or iVFT) as seen in Figures 15 and 16. The GLG 102 ipFT 
(n=37) control group had a pre-trip PA mean score of 3.2 and a post-trip PA mean score of 3.04, 
while the GLG 102 iVFT (n=49) experimental group had a pre-trip PA mean score of 2.58 and a 
post-trip PA mean score of 2.78. The GLG 301 ipFT (n=26) control group had a pre-trip PA mean 
score of 4.03 and a post-trip PA mean score of 4.3, while the GLG 301 iVFT (n=26) experimental 
group had a pre-trip PA mean score of 3.36 and a post-trip PA mean score of 3.49.  The GLG 
102 ipFT (n=37) control group had a pre-trip NA mean score of 1.6 and a post-trip NA mean 
score of 1.51, while the GLG 102 iVFT (n=49) experimental group had a pre-trip NA mean score 
of 1.95 and a post-trip NA mean score of 1.6. The GLG 301 ipFT (n=26) control group had a pre-
trip NA mean score of 1.45 and a post-trip NA mean score of 1.35, while the GLG 301 iVFT 
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(n=16) experimental group had a pre-trip NA mean score of 1.75 and a post-trip NA mean score 
of 1.47. The PA and NA categories with the highest and lowest means are listed in Table 2. 
 
 
Figure 15: Positive Affect (PA) Survey Data. Pre-to post-trip PA (Positive Affect) scores for both modalities and 
class levels show increases for all groups except the ipFT GLG 102 students. No group experienced a 
statistically significant change from pre- to post-trip. Color-coded *** pairs represent statistically significant 
differences between groups with p<0.001. 
 
 
 
 
 
Figure 16: Negative Affect (NA) Survey Data. Pre-to post-trip NA (Negative Affect) scores for both modalities and 
class levels show similar scores and decreases for all groups. No group experienced a statistically significant 
change from pre- to post-trip. 
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PA scores increased from pre- to post-trip for the iVFT GLG 102, iVFT GLG 301, and 
ipFT GLG 301 groups, while the ipFT GLG 102 group experienced a slight pre-to-post decrease. 
None of these increases or decreases were statistically significant as indicated by a two-samples 
Student’s t-test (p>0.05). NA category scores decreased from pre- to post-trip for all groups with 
no statistically significant differences (two-samples t-test, p>0.05). The ipFT GLG 102 group had 
a statistically significant higher positive affect category pre-trip score than the iVFT GLG 102 
(two-samples t-test, p<0.001). Although the ipFT GLG 102 group maintained a higher positive 
affect category post-trip score, the difference was no longer statistically significant (two-samples 
t-test, p>0.05). Both the ipFT GLG 301 and iVFT GLG 301 groups experienced an increase in 
score from pre- to post-trip in the positive affect category.  However, the ipFT GLG 301 group had 
a statistically significant higher positive affect category score (two-samples t-test, p<0.001) for 
both pre- and post-trip in comparison to their iVFT GLG 301 counterparts. 
Field Trip Group PA Category with 
Highest Mean Score 
NA Category with 
Lowest Mean Score  
PA Category with 
Lowest Mean Score 
NA Category with 
Highest Mean Score 
ipFT GLG 102 
PRE-TRIP 
Interested 
3.88 
Confused 
1.13 
Inspired 
2.31 
Passive 
1.99 
ipFT GLG 102 
POST-TRIP 
Interested 
3.71 
Confused 
1.17 
Active 
2.47 
Passive 
1.88 
iVFT GLG 102 
PRE-TRIP 
Attentive 
3.04 
Uncomfortable 
1.41 
Excited 
2.19 
Passive 
2.43 
iVFT GLG 102 
POST-TRIP 
Attentive 
3.17 
Uncomfortable 
1.22 
Inspired 
2.43 
Passive 
2.03 
ipFT GLG 301 
PRE-TRIP 
Interested 
4.50 
Bored 
1.07 
Inspired 
3.36 
Passive 
1.60 
ipFT GLG 301 
POST-TRIP 
Interested 
4.67 
Uncomfortable 
1.00 
Active 
3.98 
Overwhelmed 
1.58 
iVFT GLG 301 PRE-
TRIP 
Interested 
3.68 
Uncomfortable 
1.21 
Inspired 
2.89 
Overwhelmed 
2.17 
iVFT GLG 301 POST-
TRIP 
Enthusiastic 
3.90 
Unfocused 
1.21 
Active 
2.97 
Distracted 
1.58 
 
Table 2: PA / NA Category Selections. Positive and negative affect categories with highest and lowest mean 
scores respectively. Combination of High PA and low NA is conducive to learning. Combination of Low PA and 
high NA is not conducive to learning. 
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Concept Sketches 
Pre-trip, the ipFT (control group) and iVFT (experimental group) students in GLG 102 had 
very similar concept sketch scores; the ipFT (control group) had a mean score of 7.03/17 and the 
iVFT (experimental group) had a mean score of 7.09/17 (not statistically significant per two-
samples t-test, p>0.05). Post-trip, the ipFT (control group) mean concept sketch score was 
7.84/17 while the iVFT (experimental group) mean concept sketch score was 9.61/17 (statistically 
significant per two-samples t-test, p<0.001). In contrast, the GLG 301 ipFT (control group) pre-trip 
mean concept sketch score of 8.5/17 was much higher (statistically significant per two-samples t-
test,  p<0.001) than the iVFT (experimental group) pre-trip mean score of 6.71/17.  Post-trip, the 
ipFT (control group) mean concept sketch score was 9.23/17 while the iVFT (experimental group) 
mean concept sketch score was 9.06/17 (not statistically significant per two-samples t-test,  
p>0.05). The GLG 301 iVFT (experimental group) students experienced statistically significant 
increases that made up for the gap in pre-trip mean concept sketch scores with their GLG 301 
ipFT (control group) counterparts. The GLG 102 iVFT (experimental group) introductory students 
had post-trip mean concept sketch scores higher than the advanced GLG 310 ipFT (control 
group) and GLG 301 iVFT (experimental group) students. 
 
 
 
Figure 17: Concept Sketches. The top sketch is an ipFT pre (A) to post (B) comparison. Although different, both 
contain the same amount of information. The pre (A) and post (B) scores are the same – 8/17. The bottom sketch 
is an iVFT pre (C) to post (D) comparison. Although they look similarly complex, the post sketch contains 
significant amounts of interpreted knowledge. The pre (C) and post (D) scores are very different – 6/17 to 15/17. 
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Figure 18: Concept Sketch Pre- and Post-Trip Scores. Both classes and modalities experienced pre- to post-trip 
mean concept sketch score increases. Color-coded *** pairs represent statistically significant differences within 
and between groups with p<0.001. 
 
 
The pre- to post-trip mean concept sketch score gains increased for both classes and 
modalities. The ipFT (control-group) GLG 102 students experienced a 0.82 point increase out of a 
total of 17 points, while the iVFT (experimental-group) GLG 102 students experienced a 2.52 
point increase out of a total of 17 points. The ipFT gain was not statistically significant (two-
samples t-test, p>0.05) while the iVFT gain was statistically significant (two-samples t-test, 
p<0.001). Similar gains were experienced by the GLG 301 class. The ipFT (control-group) GLG 
301 students experienced a 0.64 point gain out of a total of 17 points, while the iVFT 
(experimental-group) GLG 301 students experienced a 2.24 point gain out of a total of 17 points. 
The ipFT gain was not statistically significant (two-samples t-test, p>0.05) while the iVFT gain 
was statistically significant (two-samples t-test, p<0.001). In both classes, the iVFT group total 
score pre to post-trip gains were three times greater than those in the ipFT group and were the 
only statistically significant increases (see Figure 19). 
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Figure 19: Concept Sketch Pre- to Post-Trip Increases. The iVFT (experimental group) pre- to post-trip increases 
were greater than the ipFT (control group) pre- to post-trip increases and were statistically significant. Color-
coded *** pairs represent statistically significant differences with p<0.001. 
 
In both classes and both groups, all sub-scores (visualization and interpretation) and total 
scores increased from pre- to post-trip. The iVFT (experimental group) GLG 102 students 
experienced a total pre- to post-trip gain of 2.52 points. The visualization sub-score experienced a 
total pre- to-post trip gain of 0.96 points, representing almost 38% of the gain, while the 
interpretation sub-score experienced a total pre- to post-trip gain of 1.56 points, representing 
almost 62% of the total gain. The iVFT (experimental group) GLG 301 students experienced a 
total pre- to post-trip gain of 2.35 points. The visualization sub-score experienced a total pre- to-
post trip gain of 1.41 points, representing almost 60% of the gain, while the interpretation sub-
score experienced a total pre- to post-trip gain of 0.94 points, representing almost 40% of the 
total gain (see Table 3). 
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Table 3: Concept Sketch Sub-Score Gains. The breakdown of total gains as a combination of increases in 
visualization and interpretation sub-scores. 
 
 
Guided-Inquiry Exercises 
Each field-trip modality incorporated a guided-inquiry exercise. The ipFT students took an 
instructor-guided inquiry hike along the interpretive Trail of Time atop the South Rim and 
completed the associated worksheet (Appendix D), while iVFT students took a guided-inquiry 
virtual tour of Grand Canyon geology from river level and completed the associated worksheet 
(Appendix E). The GLG 102 ipFT group averaged a score of 97.66% and the GLG 102 iVFT 
group averaged a score of 92.41%. The higher ipFT score was statistically significant (two-
samples t-test, p<0.001). The GLG 301 ipFT group averaged a score of 94.07% and the GLG 
  32 
301 iVFT group averaged a score of 95.59%. The higher iVFT score was not statistically 
significant (two-samples t-test, p>0.05). In both cases and modalities, scores were above 90%, 
suggesting that learning outcomes for the exercises were largely met. 
 
 
Figure 20: Guided Inquiry Worksheet Scores. In both classes and modalities, guided inquiry worksheet scores 
were above the 90th percentile, indicating learning outcomes were largely met. Color-coded *** pairs represent 
statistically significant differences with p<0.001. 
 
Questionnaires 
Students in both classes and modalities were asked two questions before starting the 
field trip: 
What are at least two things you know about the geology of the Grand 
Canyon? Feel free to list more than two. 
 
What are at least two things you would like to know about the geology of 
the Grand Canyon? Feel free to list more than two. 
 
For question 1, there were 36 respondents from the GLG 102 ipFT (control) group, 26 
respondents from the GLG 301 ipFT (control) group, 46 respondents from the GLG 102 iVFT 
(experimental) group, and 16 respondents from the GLG 301 iVFT (experimental) group. 
Emergent themes from this question included: Rocks & Layers, How It Formed, Geologic 
Attributes, Life Forms, Human Interactions, and Grandeur. The percentage of each group 
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selecting a particular theme can be found in the graph below. The rubric and emergent themes 
can be found in Appendix J, and sample quotes from each theme can be found in Appendix K. 
 
 
Figure 21: What I Know about the Grand Canyon. Percentages of students selecting each of the emergent themes 
regarding two things I know about the Grand Canyon prior to the field trip. 
 
For question 2, there were 35 respondents from the GLG 102 ipFT (control)  group, 24 
respondents from the GLG 301 ipFT (control) group, 48 respondents from the GLG 102 iVFT 
(experimental) group, and 16 respondents from the GLG 301 iVFT (experimental) group. 
Emergent themes from this question included: Rocks & Layers, How It Formed, Geologic 
Attributes, Life Forms, Human Interactions, and Time & Change. All but one theme remained 
constant from the question “What I Know” to the question “What I Would Like to Know”. The 
Grandeur theme was replaced by the Time & Change theme. The percentage of each group 
selecting a particular theme can be found in the graph below. The rubric and emergent themes 
can be found in Appendix L, and sample quotes from each theme can be found in Appendix M. 
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Figure 22: What I Would Like to Know about the Grand Canyon. Percentages of students selecting each of the 
emergent themes regarding two things I would like to know about the Grand Canyon prior to the field trip. 
 
 
Upon completion of the Blacktail Canyon Virtual Field Trip, iVFT students were asked the 
following: 
Having completed this immersive Virtual Field Trip, are you more or less interested 
in visiting Grand Canyon in person? Please briefly explain your answer. 
 
There were 49 respondents from the GLG 102 iVFT (experimental) group and 11 
respondents from the GLG 301 iVFT (experimental) group. 88% (43/49) of the GLG 102 iVFT 
students and 91% (10/11) of the GLG 301 iVFT students responded that they were more 
interested in an in-person visit to the Grand Canyon after finishing the virtual experience. 
Emergent themes from this question included: Experience in Person (passive), Interact with 
Geology (active), and Inspired by iVFT. The rubric and emergent themes can be found in 
Appendix H, and sample quotes from each theme can be found in Appendix I. 
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Figure 23: More Likely to Visit Grand Canyon. Approximately 90% of iVFT GLG 102 and 301 students are more 
likely to visit the Grand Canyon in-person after completing the virtual field trip. 
 
 
 
 
 
Figure 24: Why Visit Grand Canyon. iVFT students who are more likely to visit the Grand Canyon after completing 
the virtual field trip list reasons why - Experience in Person, Interact with Geology, and Inspired by iVFT. 
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After completing the field trip, ipFT and iVFT participants were asked the following 
question: 
Please list and describe any factors that made it difficult for you to learn 
Grand Canyon Geology today. 
 
For this question, there were 38 respondents from the GLG 102 ipFT (control) group, 22 
respondents from the GLG 301 ipFT (control) group, 44 respondents from the GLG 102 iVFT 
(experimental) group, and 11 respondents from the GLG 301 iVFT (experimental) group. 
Emergent themes from this question for the ipFT participants included: Trail Conditions, Student 
Experience, Field Trip Content, Personal Challenges, and No Difficulties. Emergent themes from 
this question were different for the iVFT participants and included: Technical Difficulties, User 
Experience / Interface, iVFT Content, Personal Challenges, and No Difficulties.  The percentage 
of each group selecting a particular theme can be found in the graphs below. The rubric and 
emergent themes can be found in Appendix N and P, and sample quotes from each theme can 
be found in Appendix O and Q. 
 
 
 
Figure 25: ipFT Difficult Learning Elements. Percentages of ipFT students selecting each of the emergent themes 
regarding factors that made learning difficult. 
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Figure 26: iVFT Difficult Learning Elements. Percentages of iVFT students selecting each of the emergent themes 
regarding factors that made learning difficult. 
 
The ipFT and iVFT participants were also asked the following question after completing 
the field trip: 
Please list and describe any factors that helped you learn Grand Canyon 
Geology today. 
 
For this question, there were 36 respondents from the GLG 102 ipFT (control) group, 23 
respondents from the GLG 301 ipFT (control) group, 44 respondents from the GLG 102 iVFT 
(experimental) group, and 11 respondents from the GLG 301 iVFT (experimental) group. 
Emergent themes from this question for the ipFT participants included: Trail Conditions, Trail of 
Time, Instructor & Student Interaction, and Being in the Field. Emergent themes from this 
question were different for the iVFT participants and included: Personal Engagement, User 
Experience / Interface, and iVFT Content.  The percentage of each group selecting a particular 
theme can be found in the graphs below. The rubric and emergent themes can be found in 
Appendix R and T, and sample quotes from each theme can be found in Appendix S and U. 
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Figure 27: ipFT Helpful Learning Elements. Percentages of ipFT students selecting each of the emergent themes 
regarding factors that helped with learning. 
 
 
 
 
 
 
Figure 28: iVFT Helpful Learning Elements. Percentages of iVFT students selecting each of the emergent themes 
regarding factors that helped with learning. 
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Students in both classes and modalities were asked these two questions after finishing 
the field trip: 
What are the two most important things you learned about the geology of 
the Grand Canyon?  
 
What are at least two things you would like to know more about after 
virtually/physically visiting the Grand Canyon today? Feel free to list more 
than two. 
 
For the first question, there were 37 respondents from the GLG 102 ipFT (control) group, 
27 respondents from the GLG 301 ipFT (control) group, 49 respondents from the GLG 102 iVFT 
(experimental) group, and 9 respondents from the GLG 301 iVFT (experimental)group. Emergent 
themes from this question included: Rocks & Layers, How It Formed, Geologic Attributes, Life 
Forms, Human Interactions, Time & Change, and Grandeur. The percentage of each group 
selecting a particular theme can be found in the graph below. The rubric and emergent themes 
can be found in Appendix V, and sample quotes from each theme can be found in Appendix W. 
 
 
 
Figure 29: Things I Learned. Percentages of ipFT and iVFT students selecting each of the emergent themes 
regarding the two most important things they learned. 
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For the second question, there were 37 respondents from the GLG 102 ipFT (control) 
group, 22 respondents from the GLG 301 ipFT (control) group, 48 respondents from the GLG 102 
iVFT (experimental) group, and 9 respondents from the GLG 301 iVFT (experimental) group. 
Emergent themes from this question included: Rocks & Layers, How It Formed, Geologic 
Attributes, Life Forms, Human Interactions, Time & Change, and Tourism & Exploration. The 
percentage of each group selecting a particular theme can be found in the graph below. The 
rubric and emergent themes can be found in Appendix X, and sample quotes from each theme 
can be found in Appendix Y. 
 
 
 
Figure 30: Things I Want to Learn. Percentages of ipFT and iVFT students selecting each of the emergent themes 
regarding things to learn more about. 
 
Students in both classes and modalities were asked this final question after finishing the 
field trip: 
Can you articulate any misconceptions you had, either about the geology 
of the Grand Canyon, or geology in general, that were cleared up after this 
visit or virtual field trip? 
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For this last question, there were 36 respondents from the GLG 102 ipFT (control) group, 
20 respondents from the GLG 301 ipFT (control) group, 50 respondents from the GLG 102 iVFT 
(experimental) group, and 9 respondents from the GLG 301 iVFT (experimental) group. Emergent 
themes from this question included: No Misconceptions, Age of Canyon & Rocks, Great 
Unconformity, Colorado River, Formation, Rock Types & Layers, Geologic Time, and 
Significance. The percentage of each group selecting a particular theme can be found in the 
graph below. The rubric and emergent themes can be found in Appendix Z, and sample quotes 
from each theme can be found in Appendix AA. 
 
 
 
Figure 31: Misconceptions. Percentages of ipFT and iVFT students selecting each of the emergent themes 
regarding misconceptions that were cleared up. 
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CHAPTER 5 
DISCUSSION 
 
Research Question 1 
How do specified learning outcomes compare between virtual and in-person field 
trip participants? 
Before comparing in-person to virtual field trip results, it should be noted that both 
learning modalities helped students meet the learning outcomes associated with the Trail of Time 
exhibit (Karlstrom et al., 2008; Semken et al., 2009) and selected for the field trips. The guided 
inquiry exercise and the pre- and post-trip concept sketches of the Great Unconformity (Johnson 
and Reynolds, 2005) were both used to demonstrate this. Analysis of the guided inquiry exercise 
data shows that the experimental-group (iVFT) scores compared favorably to those of the control-
group (ipFT participants).  However, pre- to post-trip comparisons of concept sketch scores show 
that those of the iVFT students improved significantly more from pre-trip to post-trip than those of 
their ipFT counterparts.  
Both learning modalities incorporated a guided-inquiry exercise into the field trip. The 
ipFT students completed a guided-inquiry worksheet introducing learning elements contained 
within the Trail of Time exhibit. The iVFT students completed a guided inquiry worksheet of 
similar learning elements by completing a Grand Canyon virtual field trip. The in-person 
participants completed the worksheet during the field trip and often worked together in groups. 
Conversely, the virtual participants completed the exercise alone during the corresponding virtual 
field trip. Since the in-person group was able to work together, both in the field and on the bus 
ride home, their scores were expected to be significantly higher. The data did not support this 
expectation. For the introductory GLG 102 class, the mean control group score was 97.66% and 
the mean experimental score was 92.41%. The control group mean score was significantly higher 
(two-samples t-test, p<0.001). For the advanced GLG 301 class, the mean control group score 
was 94.07% and the mean experimental group score was 95.59%. There was no statistically 
significant difference between these two mean scores (two-samples t-test, p>0.05). However, as 
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all scores were in the range of 92-98%, students in both the ipFT and iVFT largely met learning 
expectations.  
For the GLG 102 class, the control group and experimental group pre-trip concept sketch 
mean scores were very similar, 7.03 and 7.09 respectively. As this course enrolls mostly non-
majors, this correspondence is not surprising. The in-person post-trip concept sketch mean score 
increased to 7.84, while the virtual score increased to 9.61. The virtual group experienced 
increases three times higher than the in-person group and earned a significantly higher post-trip 
concept sketch mean score. Both the increase and the higher post-trip score of the virtual group 
were statistically significant (two-samples t-test, p<0.001). For the GLG 301 class, the control 
group and experimental group pre-trip concept sketch mean scores were not very similar, 8.5 and 
6.71 respectively. The higher in-person pre-trip score was statistically significant (two-samples t-
test, p<0.001), probably showing a preference for the in-person field trip by geology majors.  If 
this is the case, then the ipFT GLG 301 group brought more prior knowledge of geology to the 
concept sketch exercise, as would be expected. The ipFT (control group) post-trip concept sketch 
mean score increased to 9.23, while the iVFT (experimental group) score increased to 9.06. 
Again, the virtual group experienced increases three times higher than the in-person group. The 
increase of the virtual group was statistically significant (two-samples t-test, p<0.001). It should 
be noted that the pre-trip mean score for the virtual group was 1.79 points lower than the in-
person score. The iVFT experimental group made up most of the difference from pre- to post-trip. 
To summarize, both modalities produced pre- to post-trip increases, but the iVFT (experimental 
group) increases in GLG 102 and 301 were three times greater than the in-person gains.  
Research Question 2 
What factors influence attitudes, behaviors and learning within the two study 
groups? 
Investigating this question provides insights into the similarities and differences between 
the two modalities and may help explain the higher increases experienced by the iVFT 
(experimental group) students in the concept sketch exercise. 
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The modified PANAS instrument provided data to calculate pre- and post-trip PA and NA 
scores. The original PANAS study calculated an average PA score of 2.97, and an average NA 
score of 1.48 (Watson et al., 1988). The literature implies that a combination of high PA scores and 
low NA scores represents an affective state that can positively impact learning outcomes (Kern 
and Carpenter, 1986; Watson et al., 1988; Orion and Hofstein, 1994; McConnell and van Der 
Hoeven Kraft, 2011; Mogk and Goodwin, 2012). In general, the ipFT (control group) students 
registered higher pre- and post-trip PA scores than did their iVFT (experimental group) 
counterparts. The ipFT (control group) students also registered lower pre- and post-trip NA scores 
than the iVFT (experimental group) students. In all instances but one, both modalities experienced 
increases in pre- to post-trip PA scores and decreases in pre- to post-trip NA scores. The sole 
exception occurred with the ipFT GLG 102 (control group) students, experiencing a decrease in 
pre- to post-trip PA scores. Answers provided on the questionnaires suggest this is most likely due 
to novelty space issues (Orion and Hofstein, 1994). Since this introductory class services mostly 
non-majors, fatigue and other challenges in the field such as trail navigation, trouble hearing the 
professor, weather, and bathroom locations most likely contributed to the decrease in PA. Even 
so, PA and NA scores for all groups compare favorably to the PA baseline of 2.97 and the NA 
baseline of 1.48 established by Watson et al. (1988). Post-trip PA and NA scores are as follows:  
• The GLG 102 ipFT PA score was 3.04 and the NA score was 1.51; 
• the GLG 102 iVFT PA score was 2.78 and the NA score was 1.63;  
• the GLG 301 ipFT PA score was 4.3 and the NA score was 1.35; and  
• the GLG 301 iVFT PA score was 3.49 and the NA score was 1.47.  
The GLG 301 ipFT (control group) had significantly higher (two-samples t-test, p<0.001) pre- and 
post-trip PA scores (pre-PA = 4.03, post-PA = 4.3) than their iVFT (experimental group) 
counterparts, probably once again showing a preference for the ipFT by geology majors.  If this is 
the case, then the GLG 301 ipFT group was enthusiastic about going into the field and had 
already learned how to navigate and mitigate novelty space issues. There were no statistically 
significant differences between modalities and class sections for the negative affect scores. To 
summarize, post-trip PA/NA scores were similar or higher than benchmarks, suggesting that both 
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modalities were conducive to learning and that the positive benefits of field work extend to the 
virtual realm. 
As mentioned above, students working in the field deal with a unique set of challenges 
referred to as novelty space that can negatively impact learning (Orion and Hofstein, 1994; Elkins 
and Elkins, 2007). Responses to the question asking about factors that made learning difficult 
suggest that both ipFT (control) groups experienced novelty space issues, especially the GLG 
102 ipFT group, mostly non-majors. The ipFT students mentioned large and distracting crowds, 
cold weather and wind, difficulty hearing the professor, fatigue, hunger, and stress. In-person 
students without field experience were preoccupied and distracted by cognitive, psychological, 
and geographic novelty space issues. In contrast, the iVFT (experimental) group students dealt 
with more manageable issues such as user interface and navigation confusion, slow connection 
speeds, lack of printer, and roommate distractions. To summarize, ipFT learning outcomes may 
have been negatively impacted by novelty-space factors that their iVFT counterparts did not have 
to contend with. 
The enhanced learning techniques associated with the iVFT are typically not available in 
the field and most likely contributed to the higher concept-sketch score increases experienced by 
the iVFT (control group) students in both courses. This is supported by student responses to 
questions asking about what helped and hindered learning. For instance, many ipFT students 
commented on the distracting crowds at the Grand Canyon, difficulties seeing, hearing, and 
keeping pace with the professor, and preoccupations with fatigue, stress and hunger. In contrast, 
the iVFT students noted the helpfulness of one-on-one interaction with the professor, the ability to 
go back into the lesson for clarification, being prompted with useful content exactly when needed, 
and the stunning and engaging nature of the iVFT content. In fact, the virtual students rated the 
iVFT content as the most beneficial learning aide, and 90% stated that they were more likely to 
visit the Grand Canyon in-person as a result of the iVFT. The one-to-one student to professor 
experience of the iVFT groups plus the ability to learn at their own pace most likely resulted in 
enhanced learning and better retention that was demonstrated in the gains in pre- to post-trip 
concept sketch scores. 
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The final factor that possibly influenced attitudes, behaviors, and learning was 
perspective. The ipFT students experienced the Grand Canyon and the Great Unconformity at 
rim level via wayside panels, viewing tubes to the actual feature miles away, and a trailside 
lecture. The iVFT students experienced the Grand Canyon and Great Unconformity at river level 
via close-up, high resolution photos and a video lecture that placed the professor directly in front 
of the feature while pointing and touching the unconformity. As discussed above, the consensus 
in the geoscience-education community is that VFTs should not replace real world experiences 
(Stainfield et al., 2000; Tuthill and Klemm, 2002; Arrowsmith et al., 2005; Cassady and Mullen, 
2006; Selby and Davis, 2014; Lei, 2015; Cliffe, 2017) because they do not yet provide the same 
sensory stimulation as in-person field trips (Nix, 1999; Stainfield et al., 2000); are inherently an 
experience once-removed (Robinson, 2009); and do not present problem solving skills at the 
same level as those encountered in the actual field (Qui and Hubble, 2002). Contrast these views 
with the responses provided by students that stated the iVFT content was engaging, realistic, 
interactive, immersive, and created a “sense of being there”. Students also reported that photos 
and videos were engaging, informative, and promoted critical thinking. The 360° photo spheres, 
interactive questions, adaptive tutoring prompts, and image overlays were called out as factors 
that helped with learning. Combined with the enhanced learning environment of the iVFTs, the 
river level experience provided students with an extremely up-close, eye level view. This 
difference in perspective was most likely a factor in the higher scores earned by the iVFT 
(experimental group) students. 
Research Question 3 
What implications do these findings have for the future design of virtual and in-
person geological field trips? 
The ipFT students in this study experienced novelty-space factors that have been shown 
to negatively impact learning outcomes (Orion and Hofstein, 1994; Elkins and Elkins, 2007). ipFT 
students were given a presentation to help mitigate novelty space. However, both ipFT groups 
reported novelty space issues. An iVFT in advance of the ipFT could be useful in better preparing 
students for real world experiences (Francis and Kennedy, n.d.; Orion and Hofstein, 1994; 
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Stainfield et al., 2000; Arrowsmith et al., 2005; Cliffe, 2017). Cognitive challenges could be 
countered by reviewing prior knowledge, concepts, and skills that will be required during the field 
trip. Psychological challenges such as stress and fear can be countered by knowing what to 
expect in advance. A simple recommendation to bring food, snacks and water can mitigate 
hunger and thirst during the ipFT. Suggesting that students get a good night sleep prior to the 
ipFT can help eliminate fatigue. Geographic challenges can be lessened by providing field maps 
and trail conditions in advance. Clothing recommendations can prepare students for the field day 
conditions and the possibility of inclement weather. A clear understanding of bathroom locations 
and procedures will lessen student anxiety on this most basic of needs. Arming in-person 
students with information via an iVFT before the ipFT can reduce novelty space and positively 
impact learning (Orion and Hofstein, 1994; Elkins and Elkins, 2007). 
iVFT (experimental group) participants will also benefit from a presentation before the 
digital experience because responses to the question about things that hindered learning suggest 
that there may be a digital novelty space analogue. Providing iVFT students with minimum 
computer configurations and internet connections and/or suggesting the use of school computers 
can help eliminate reported instances of sluggish computers, slow connection speeds, frozen 
browsers, stuttering videos, and a lack of printer. A brief preview of the user interface and 
navigation system used by the iVFT prior could reduce reported instances of a clunky experience, 
mouse troubles, and not knowing where to click. Distractions due to the being on the internet and 
working from home or in a dorm room with other people could be reduced by suggesting closing 
all other applications before starting the iVFT and by working in a quiet room, study hall, or school 
library. Some iVFT students reported not being able to go on the ipFT because of work and/or 
family issues, and that these commitments caused stress that impacted their experience. These 
issues are not easily mitigated but may be lessened by providing as much notice as possible 
regarding field trip dates and times, providing time management tips, and sharing knowledge 
about school support services such as counselors, tutors, and office hours. Together, these steps 
could reduce “digital” novelty space and further enhance student learning. 
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All students in this study were asked to record two things they thought they knew about 
the Grand Canyon and two things they wanted to learn about during the field trip. Similarly, 
students were asked after the field trip to list the two most important things they learned as well 
as two things they would like to know more about. Although these responses are specific to the 
ipFT and iVFT used in this study, these types of questions can inform the initial design of a field 
trip and help make changes to existing experiences. In addition to teaching desired learning 
outcomes, students could be provided with supplemental materials to broaden and deepen their 
subject matter knowledge. Engaging students in the design process and associated field trip 
content can maximize interest, engagement, and outcomes for both modalities. 
The Trail of Time geoscience exhibition and the Grand Canyon / Blacktail Canyon virtual 
field trips provided students with scientifically accurate and significant experiences that were 
created by professional teams who incorporated learning outcomes into the design and 
production the field trips. Designers of new ipFT and iVFT experiences would be well served to 
follow this model by determining learning outcomes in advance and building field trips that can 
lead students to desired goals. 
Students in both modalities held misconceptions prior to the experience that were 
corrected during the field trip. Students responded that they thought the canyon was much older, 
that rocks were much younger, that it contained only one type of rock, or that the river was 
present before uplift. These misconceptions may have hindered learning, and at the very least 
competed for student attention. It may be helpful to identify and correct misconceptions prior to 
the field trip. 
The iVFTs used in this study delivered content to students on a two dimensional 
computer screen. Digital experiences have been shown to increase learning through active 
participation (Cliffe, 2017). Digital natives – students who are connected 24/7, bored by routine, 
and goal oriented (Knight, 2009) – respond positively to technology based learning environments 
(Pringle, 2013) and actually prefer technology-led learning (Fuller and France, 2014). This 
openness to, and preference of, high-tech learning instruments is supported by positive student 
responses regarding the iVFT technology and suggest that the adoption of even more advanced 
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technologies should be investigated and researched. As virtual reality delivery mechanisms such 
as Google Cardboard and Daydream, Samsung VR, Oculus Rift, and HTC Vive become more 
accessible, shifting some or all of the field experience to an immersive virtual reality platform 
should be well received by students and may further enhance learning outcomes. As resolutions 
migrate from HD to 4K to 8K to 16K, and as production tools become more accessible, the 
promise of virtual reality, augmented reality and mixed reality may finally be achieved. By their 
nature, virtual field trips are once removed experiences that cannot capture the real world 
environment (Robinson, 2009). Virtual platforms are becoming ever more realistic and immersive 
and will soon be able to stimulate all five senses using haptic feedback mechanisms. They may 
never achieve the perfect simulation of an actual field experience, but they may come very, very 
close. 
 
Limitations 
This research was conducted in two geology courses, an introductory historical-geology 
course (GLG 102) serving mostly non-majors, and an advanced regional-geology course (GLG 
301) serving mostly geoscience majors, at one large institution in the Southwestern United 
States. The participating students had access to computer technology and internet connectivity 
as well as some familiarity with online digital learning environments. Digital learning is highly 
dependent on technology, web access, and the ability to understand and navigate virtual worlds. 
As such, these findings may not be applicable to all students due to cultural and socio-economic 
factors. Additionally, the same professor was responsible for both the ipFT and iVFT experiences 
and as such was able to expose students from both modalities to similar content in support of 
shared learning objectives.  Lastly, students in both classes and modalities had experience in 
constructing concept sketches, as the above mentioned professor used them as a daily 
component of instruction. 
The focus of the study centered on the Great Unconformity in the Grand Canyon, a 
fascinating and significant geologic feature located in one of the natural wonders of the world. 
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ipFT and iVFT content was visually stunning and compelling. In fact, between 20-40% of ipFT 
and iVFT participants wanted further information on the Grand Canyon as a tourist destination 
and expressed interest in returning and/or visiting to hike and explore the Grand Canyon, to raft 
the Colorado River, or to fly over the great chasm. Furthermore, 90% of iVFT (experimental 
group) participants stated that they were more likely to visit the Grand Canyon in-person after 
completing the iVFT. These results may be biased by student interest in, and the grandeur of, the 
Grand Canyon.   
As mentioned in the discussion, the ipFT and iVFT experiences were not identical in 
content or perspective. ipFT participants interacted with the Great Unconformity via two wayside 
panels, viewing tubes, and an on-site lecture from the professor – all from rim level. iVFT 
participants interacted with the Great Unconformity via high-resolution 360° spherical images, 
gigapixel images, HD video lecture, and supplemental imagery – all from river level. Therefore, 
content and perspective differences between the modalities may have biased these results. 
The distribution of the ipFT and iVFT groups was not random. Students were allowed to 
choose either the ipFT or the iVFT experience. This may have introduced self-selection biases. It 
is entirely possible that geology majors were drawn to the ipFT because they enjoy working in the 
field. Students familiar with online courses, technology, and video games may have been inclined 
to participate in the virtual experience. Many students have work and other obligations outside of 
class and may have had no choice but to choose the virtual experience to avoid schedule 
conflicts. 
Finally, the interactive, immersive virtual field trips used in this study were developed by 
ETX at Arizona State University and its team of professors, project managers, instructional 
designers, multimedia producers, computer programmers, graphic artists, and logistical staff. The 
iVFTs are built using the Smart Sparrow platform, an intelligent tutoring system featuring 
programmed overlays that enable interactivity and allow the iVFT to provide feedback in response 
to student actions. Not all VFTs are equal. Differences in virtual field trips - production value, 
clearly defined learning outcomes, compelling content, intelligent tutoring, adaptive feedback, 
user interface, and accessibility - may impact learning outcomes. 
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Future Work 
As expected, this research project has generated more questions than it answered. The 
experiment was performed on only two geology classes with class sizes of 120 and 48. It would 
be beneficial to recreate this study with more students, across differing STEM majors, and at 
various institutions, to confirm the results. It would also be informative to study the differences 
between introductory and upper level geoscience and other STEM classes.  
The study was designed as complimentary, and yet the concept sketch results may well 
lead to direct comparisons between the modalities in an effort to determine if virtual field trips can 
replace in-person field trips. Although not supported in the literature, the question can be explored 
by designing an ipFT and iVFT as nearly identical as possible and comparing learning outcomes. 
However, by nature, this would hinder the capabilities and learning experiences available using 
virtual technology and intelligent tutoring systems. 
Virtual field trip students experienced the Grand Canyon and Blacktail Canyon iVFTs on 
their 2D computer screen. Many or most of the field trip components could be ported or designed 
for a 3D virtual reality headset such as Google Daydream, Samsung VR, HTC Vive, or Oculus 
Rift. These environments are considered more immersive than the 2D screens used in the current 
study and could conceivably lead to higher learning gains. 
iVFT students overwhelmingly (almost 90%) said they were more interested in visiting the 
Grand Canyon in person after completing the virtual field trip, suggesting that iVFTs can 
complement and increase interest for in-person field experiences. The experiment would benefit 
from using a geologically rich site that is not a world-class travel destination to see if this result 
could be duplicated if the field site was not both a national park and one of the seven wonders of 
the world. 
The project could also be redesigned to follow iVFT participants throughout their course 
of study to determine if there are negative downstream impacts on learning and skill acquisition. 
Is there a “sweet spot” or optimum transition between VFTs and ipFTs in a sequence of 
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geoscience courses, so that more digital experiences can be successfully incorporated into 
undergraduate pre-professional geoscience and related degrees? 
Lastly, this research project confirmed the concept of novelty space as set forth by Orion 
and Hofstein in 1994. Many students experience online learning in the form of uploaded 
PowerPoint presentations, reading assignments, and video lectures. For those not well versed in 
computers, gaming, and rigorous virtual learning experiences, there may be a digital novelty 
space analogue that can be investigated and mitigated. 
 
Conclusion 
The literature shows that learning in the field is central to geoscience education (De Paor 
and Whitmeyer, 2009) and is viewed as an effective way to learn geology (Butler, 2008). 
However, not all students have equal access to field-based learning because of time, cost, 
distance, ability, and safety constraints (Kent et al., 1997; Garner and Gallo, 2005; MacDonald et 
al., 2005; Baker, 2006; Boyle et al.2007, Atchison and Fieg, 2011; Atchison and Libarkin, 2013; 
Selby and Davis, 2014; Gilley et al., 2015; Lei, 2015). At the same time, technological advances 
afford ever more immersive, rich, and student-centered virtual field experiences. Virtual field trips 
may be the only practical options for most students to explore pedagogically rich but inaccessible 
places. The measured learning outcomes of the iVFT (experimental group) students equaled or 
exceeded those of the ipFT (control group) students, suggesting that virtual field trips can be a 
suitable alternative when in-person field trips are not available and, in some cases, may serve as 
an effective replacement of field-based learning. 
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